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What is claimed is: 

Claims 

1. A method of controlling cancer suppression in a 
mammal having a cancer suppressing gene, comprising the 
steps of: 

making a substantially duplicated genetic 
material corresponding to the genetic material of said 
gene, the substantially duplicated material selected from 
the group consisting of a cloned cancer suppressing gene, a 
modified or defective cancer suppressing gene, homologues 
thereof, fragments thereof, and mixtures thereof; and 

interchanging said duplicated genetic material 
and the cancer suppressing gene of the mammal. 

2. A method of claim 1, wherein before said making 
a substantially duplicated genetic material, determining 
the chromosomal location of said cancer suppressing gene of 
the mammal. 

3. A method of claim 1, wherein after said making 
a substantially duplicated genetic material, detecting the 
presence or absence of an inactive cancer suppressing gene 
of a tissue sample of the mammal to determine whether or 
not the tissue sample cancer suppressing gene is defective 
or absent. 
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4 . A method of claim 3 , wherein in response to a 
determination that the tissue sample cancer suppressing 
gene is either defective or absent, replacing a cancer 
suppressing gene of the mammal with its clone. 

5. A method of claim 3, wherein the determination 
of whether or not the tissue sample cancer suppressing gene 
is defective or absent is accomplished by measuring the 
amount of protein product of said cancer suppressing gene, 
of the tissue sample, bound by an antibody specific for 
said protein. 

6. A method of claim 5, wherein the determination 
of whether or not the tissue sample cancer suppressing gene 
is defective or absent is accomplished by: 

(a) labeling said tissue sample with 
radioactive isotope; 

(b) lysing the labeled tissue; 

(c) reacting the protein product of said 
cancer suppressing gene with an antibody specific for said 
protein thereby forming a protein/antibody immunocomplex; 

(d) autoradiographing the immunocomplex 
obtained in step (c) ; and 

(e) determining the presence or absence of 
the protein product by comparing the autoradiogram of step 
(d) with the autoradiogram of the standard protein product. 
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7. The method of claim 5 f wherein the 
determination of whether or not the tissue sample cancer 
suppressing gene is defective or absent is accomplished by- 
enzyme immunoassay techniques. 

8. The method of claim 5, wherein the 
determination of whether or not the tissue sample cancer 
suppressing gene is defective or absent is accomplished by 
immunocytochemistry methods . 

9. The method of claim 5, wherein the cancer 

suppressing gene is the RB gene and the protein product is 
ppRB 110 , 

10. The method of claim 1, wherein said cancer 
suppressing gene is. replaced with substantially duplicated 
material selected from the group consisting of said cloned 
cancer suppressing gene, homologues thereof, fragments 
thereof, and mixtures thereof, for therapeutic purposes. 

11. The method of claim 1, wherein said cancer 
suppressing gene is replaced with substantially duplicated 
material selected from the group consisting of said 
defective cancer suppressing gene, homologues thereof, 
fragments thereof, and mixtures thereof, for facilitating 
the testing of the carcinogenicity of environmental 
influences . 
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12. The method of claim 2, wherein the location of 
said cancer suppressing gene is determined by chromosome 
walking. 

13 . The method of claim 2 , wherein the location of 
said cancer suppressing gene is determined through organic 
markers . 

14. A method of claim 2, wherein: 

said chromosomal location of said cancer 
suppressing gene is determined by testing genes of a 
chromosome for phenotypic expression; 

determining one of the genes of said chromosome 
to be a marker gene; and 

using chromosomal walking techniques to locate 
a cancer suppressing gene. 

15. An animal genetically altered so as to have the 
allele of at least one cancer suppressing gene selected 
from the group consisting of a defective allele, a 
homologue thereof, a fragment thereof, and a mixture 
thereof . 

16. An animal of claim 15, wherein said defective 
allele is selected from the group consisting of defective 
alleles of RB genes, breast cancer suppressing genes, 
Wilm's tumor suppressing genes, Beckwith-Wiedemann syndrome 
suppressing genes, bladder transitional cell carcinoma 
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suppressing genes, neuroblastoma suppressing genes, small 
cell lung carcinoma suppressing genes, renal cell carcinoma 
suppressing genes, acoustic neuroma suppressing genes, 
colorectal carcinoma suppressing genes, homolgues thereof, 
fragments thereof, and mixtures thereof. 

17. An animal of claim 15, wherein said allele 
contains a DNA fragment having at least one defective 
nucleotide sequence. 

18. An animal of claim 15, wherein said defective 
allele contains a DNA fragment having at least one 
defective RB nucleotide sequence. 

19. The animal of claim 15, wherein said animal is 
a -mouse. 

20. A method for determining the carcinogenicity of 
suspected environmental influences, using the animal of 
claim 14 , comprising the steps of: 

exposing said animal to a suspected 
environmental influence ; 

observing the animal for the phenotypic 
expression of cancer; and 

determining carcinogenicity of the suspected 
environmental influence in response to observing a 
phenotypic expression of cancer in the animal. 
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21. A method of claim 20, wherein said exposing 
includes exposing to a source of radiation. 

22. A method of claim 20, wherein said exposing 
includes exposing to tobacco combustion products. 

23. A method of claim 20, wherein said exposing 
includes exposing to food additives. 

24. A method of claim 20, wherein said exposing 
includes exposing to artificial substances. 

25. A method of claim 20, wherein said observing 
includes examining the animal for tumor development. 

26. A method of claim 25, wherein in response to 
the formation of a tumor in the animal, analyzing the tumor 
for the presence of cancer cells. 

27. A method of making the animal of claim 15, 
comprising: 

using at least one allele of an animal cancer 
suppressing gene selected from the group consisting of a 
defective allele, a homologue thereof, a fragment thereof, 
and a mixture thereof; 

mutating at least one animal cell with said 
allele to form a mutated cell; 

introducing said mutated cell into an animal 

blastocyst ; 
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permitting growth of the blastocyst for a given 
period of time sufficient to incorporate said allele into 
its cells; repressing genetic recombinations within said 
cells? transferring the blastocyst containing said allele 
into the uterus of a pseudo pregnant animal for giving 
birth subsequently to an animal bearing said allele; 

breeding said animal to reproduce additional 
animals ; and 

selecting the animal of claim 14 from said 
additional animals by determining the presence therein of 
the said allele. 

28. A method of claim 27, wherein before 
introducing said allele, removing said blastocyst from a 
super ovulated animal, and wherein said blastocyst is 
comprised of undifferentiated cells. 

29. A method of claim 27, wherein said introducing 
is performed in vitro . 

30. A pharmaceutical composition wherein the active 
ingredient is selected from the group consisting of a 
naturally occurring intact cancer suppressing gene, a 
cloned intact cancer suppressing gene, fragments thereof, 
homolgues thereof and mixtures thereof. 

31. A pharmaceutical composition of claim 30, 
wherein said naturally occurring and cloned cancer 


<18173-02.210> 


114 

suppressing gene is selected from the group consisting of 
RB genes, breast cancer suppressing genes, Wilm's tumor 
suppressing genes, Beckwith- Wiedemann syndrome suppressing 
genes, bladder transitional cell carcinoma suppressing 
genes, neuroblastoma suppressing genes, small cell lung 
carcinoma suppressing genes, renal cell carcinoma 
suppressing genes, acoustic neuroma suppressing genes, 
colorectal carcinoma suppressing genes, homolgues thereof, 
fragments thereof, and mixtures thereof. 

32. A pharmaceutical composition of claim 30, 
wherein the active ingredient is selected from the group 
consisting of RB cDNA, modified RB .cDNA fragment, clones 
thereof, homolgues thereof and mixtures thereof. 

33. A pharmaceutical composition of claim 31, 
wherein the active ingredient for each of said gene is 
selected from the group consisting od cDNA of said gene, 
fragments of said cDNA, homologues thereof and mixtures 
thereof. 

34. A pharmaceutical composition of claim 32, 
wherein the cancer suppressing gene is isolated from human 
chromosome 13 region 13gl4. 
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35. A pharmaceutical composition of claim 31, 
wherein the cancer suppressing gene and its clone each has 
the following nucleotide sequence: 


necccttmcTCAMsaweitejUAmmTratAAceaoAaTcc »» 

CCaCC6CegAAAB«8ICATCCCe<CCIUUU«CCCCC8AAAW 2(8 . 

QQFPKIPRKf .A A T A A A A A A. ■ ,f*lPPPP*PP, I I I » I »«) 

• • * a r t » t ^ i v a i t r i t t t i p » r r A l c • k l k t r e > v t t i A <7«i 

mnAACItOCCAttAAMmCAtCTOTCaAtOOAatAttCOIUOomTAtlCAAAAaAAAM 4W 

UltUIKVt«VO«Vt0OtlorK KttWOICiriAAV0t»ttaJ* t1H> 

tlCACWtagtCAaCtACMA A AJU tA MBAW *°* 

riftli«KMIIltV«KrfNI.UJ(tlOf«fKV«HAtltlLUS( (»»> 

t AICATCT Al f BIT WCACt CTTCAOCAAAI fMAAACOACATOTftUCT t ATATATTTBACACJUCCCAOCAaTTCOAt Atet ACTCAAATAAAf TCT8CAT THtfCTAAAMtncr Tt9 
IOVtrAirtKLt«tCllITLt«Ftttlt1t.lNtALV. I K V 8 1 <M4) 

TBBAfCACAf f f TTAItAKtAAAMWAMtAltACAAAf OaAAOATftATCTSSf OAtTTCATTTCASTTAAiaCTATtTtTCCTTOACf ATTTTATTAAACTCtCACCtCCCATsfTt 

VI I PllACBIVtaMtOOLV I «rOLMlCVl»Tf IKltPPNt (2M> 

CTCAAASAACCAIATAAAACACCTBTtATACCCATTAAieStTCACetCSAACACCCAOOCOASOTCAttAACAOaAaTaCACSUTASCAAAACAAeTAaAAAA fM 

kKIfTKTAVirtHatPAIPRROaMRIAAIAKtllMPftll ««» 

CAMttCTCTBtAAABAACAtBAAf If AAtATABAtBAOOTOAAAAAtOTTTATTTCAAAAATTTTATACCTTTTAT SAATT^ 10M 

(VtCC(HtCHieiVKHVTflCKriPrNHtt.>LVTIMatPIV OI4) 

CAAMICmCTAMCGAIACBAASAAAmATCTTAAAAAtAAAaATCTACATCCU^ 1209 

taitKKTItiriKMKOLDAAlFlDNOICfLQit&ltOaflta <))«) 

A>AACACCAC6AAAAAarAACCTT8AtaAAaAeaTeAAtaTMTTeCTCCACACACTCCA3tTAG0ACtBTTAT0AACACTATCCAAtM ISM 

■ ?f«KtKLOtlVK VIPPKtPVKTVNMTlaalKKILI*A>» (JM) 

CAACCItCACAAMtCTBAtTTCCTAimAACAACTgqiCAetBAATCUUUAOA^ MIA 

• f> S t ■ I t >T rHMCIVMPKI I I IKtVKO I • T I tKIKfA-KAV <4U) 

aa*CA6MrraffTc«AAAmttfCACAftCMVACAAAcm mm 

a««CVCt8taftTXieVKtYYftVNtSMLK8ClC*l8taiat CWO 

M*eftCI0AA10ACAACAttTttaTAiaiCTTUTTMCttTOCOCtCTTOAaarttTAATCWCACATATAqCA8W tttfl 

f -i i a o m t raNttiACALivvNAT raaai aaaioaaTaiat m*) 

CMtCOAtfefeAAtOT<CTTAAtTTAAAAWCTTTCATTrTTACAAA0TCATCCAAAetttTATCAAAaCA6AA0CCAACITttAC^ MOO 

f Wll«VtBLJCArOfTKVII»riKAIO«tT««HIK»t« aet (SSO 

CAICeAA»CAt8tAAtCCCttBCAtBaCtCteACAtItAcettTATItttATCTTATTAAACAATeAAAaaACC<IA 8 A AQ 0A C CA AC T^ MM 

«fttnaa(.AWi.«»t»crot.iKaaK0«aafiBiit.aaAeriai (»m» 

CCItTttAOAAlAAtCACACTCCACCAgAtATatATCTTTCTCCTCTAACATCTCCAAAttAAAAAAMtlCAACtAetttaTat 2MB 

Pt.«KKatAA0MTiaPVRarKKKOaTTKVV«TANAfT«Att (AM) 

tKIICCACACeCABAACCCATfMAATCTAeCTCTCTtICACTCTttTATAAAAAA8T8TATCC6CTAOCCTATCICC88CTAAATACACITt0t 2U8 

Af«taxpiKarat.atrTicicvTaL.ATLAtMTieiRiLtcap c«t) 

CAAITASAACATAtCAICT68ACCCTTTTCCAaCACACCCTaCA0AAraAaTATCAACTCATCAaAMCAQ8CATTTC0ACCAM 22M 

(iCaitWfLfaiirLQHCTILMADKaLDaiNMCtMia lCKV tn«> 

MaAA?ATASACCtTAAA1TCAAAATCATTBfAACAacATACAA04ATCTlCCICAt6CT8TTCABAABUlCAH WOO 

KVSaLKFKllVTAYKDLPMAVQCf'KAVtlKliaY 0»A I I ¥ (W» 

IICIAtAACf CearCirCAreCAaAAACTaAAAACAAATATTTraCABTATeCTTeCACCAaaCCCCCTACCIiaTtACCAArACCTCACATTCCTCaM MM 

'T«avrN««CK1R|LaTAfTftPPTLtPlfKIPKtPTKfP« (mi 

teACCCMACMAttCetBBA M aAAWCtAmTTCACCCCTW^ »•*• 

*'i«ira«»tY!iriKsryKi*iairtPTKNTP*i«!lva (AM) 

«Maai<AAiwtcaaaAwm8AaA*affceAaiu>MtAAAtcAM arta 

<«ttf«TlfKr«ciaOHVCM10«V(.CKIA(BIIIPPCP lKK (BM» 

• J ******* *^*^***'^*****^AA*CAO*TOO*AOT AAACA B"CTCTCCAOttJAttA<H CCAAAT T TCASCAOAAAC T 0OCA4LAAATAACTTCTAC I CCUAJkCJ*.CCt*AT<B<C**A**0** 2 AM 

l«'Dita«atAeatKNiraifKr««Kt.A(Mri!AT*K«K« «»«» 

A*AMa*AiaAIAattl8AAM«t CA A ^ |« (Hf 

» » " ' ' « • I t M K I | K (9281 
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36. A pharmaceutical composition of claim 32, 
wherein said RB cDNA fragment is selected from the group 
consisting of RB-1, RB-2, RB-5, y79RB and mixtures thereof. 

37. A pharmaceutical composition of claim 32, 
wherein a resulting mRNA transcript of said RB cDNA 
fragment has 4.6 kb. 

38. A pharmaceutical composition of claim 37, 
wherein the cloned genomic DNA has at least 27 exons. 
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39. A pharmaceutical composition of claim 30, 
wherein the cloned RB cDNA transcribes into mRNA which 
translates in protein having an amino acid sequence 
comprising: 


[KJP P X T P R X T tA A T X A A A A Aj E iP PAPPPPPP Pi E 8 O P E ( 34) 

Q O 8 O P B O X. ?t,VRtK F E E T E P O F TAX* CQKLKXPDHV R 8 R A ( 74) 

Wt,THEXVS8VDaVX.GGYXQKXXEXitfa-XCZFZAAVOt.D EfRIS (114) 

FTFTBL«QKHZ8Z8VHXPPHtiXiXEZDT8TKVDHAKSRX» L1TX (194)' 

YDVLFA&FS XX»ERTCEltXYliTQPB 8 8 Z StTBINSALVtiXVB (194) 

VfZTFIitiAXOEVlfQHBDOLVX8FQZ<KZ<CVZ<DYFZXL8PPML (294) 

LKEPVKTAVZPXH08PRTPRRGQMR8ARZAXQZ.BNDTRZZ (274) 

EVLCXBHECNXDBVKHVYFXHFXPFHH8t»0liVT8H0LPEV (214) 

EHL8XRYE8XY£»XNKDXjDARXjFXiDHDXTX<QTD8XD8FE TQ (294) 

RTPRKSHI.DSEVNVXPPHTPVRTVXNVXQQLMMXX.NSA80 (394) 

QP0£HI#Ifl Y FHHCTVHPKE8 XXjKRVKDX O YZFXBXFAXAV (494) 

GQ'CCVSXaSQRYXXiaVRZiYYRVMESMXtKSEBERXaSXQHPS (474) 

Kt>I>HOHZFHK8tiItACAIjEVVHATY6R8T8QHLDSOTOL8F (9X4) 

PWXZ.HVX.HZ.KA.PDFYKVXE8FZXABaHX.TRSMZXHX.SRC8 (994) 

KRZHB8 X. A W X. 6 D 8 P L F D L I X Q 8 K D R B G PTDKX.E8ACPX.HX. (9»4) 

PX«QHHHTAADKYX>aPVR8PKKKGSTTRVNSTAHA£TQATS (924) 

AFQTQKPLK8TB1.8X.FYXKVYRX.AYZ.RZ.HTZ.C8RX.X.S8HP (674) 

BS*BHZZHTZtFQKTX>QHBYBZiKRDRKItOQXKKC8MYOZCXV (714) 

XHXttI.XFKXXVTAYKDl.PHAVQETFKRVX.XXB8BYD8XXV (794) 

FYK8VFKQRl.K7KZIiQYA8TRPPTZi8PZPHZPR8PYXFP8 (794) 

8PX.RXPaGHXYZSPX.KSPYKX88GX»PTP?KMTPRSRXI*V8 (924) 

X0E8FaT8EKFQXINQHVCHSDRVt.KRBAEOSHPPKPI.XX (974) 

LRFOXBG8DEADG8KHl.POBSXr0aXt.ABM«STRTRKQXQ (914) 

XKHD8KDTSHK E B'K (f29) 


Slnyla-lattar abbreviations Cor tha aaino aaid rssiduss a rat A r Ala; c, cys;.D, Aap; 
B, Gly; r, Fhs; a, cly; h, His; X, Zla; x, Lys» X., tvau; K, Mat; H, Aan; P, Pxo$ 
Q, aim R, Arg; s, ear; T # Thr; v, Val; w, Trp; and Y, Tyr. 
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40. A DNA nucleotide sequence comprising: 

t tctcgrmtctc*088aicattcwmTTnwMccoa*oiC8aaw8W^ 120 

ccKceceuMMcaiewccceccMMccccccsiuuMMaaccaec^ 1(0 

QD P P K T P R K T |A A T A A A A A PAPPPPPP P t t t 0 P C (Ml 

CACCACAaC00CCC6GASSACCTCCCTCTCflICACCCTTM8TtT8MQAAACAQAA&AACCTCATTTTACT8MTTATQTCAC MO 

Q OlttPtDkPlVRLKftET(iPOfTAI.CQKlKtPBAVXtlA <70 

TMtTAACmMMAMmTmCT8TOaAf8aAOTA?taoaAaaTtATATTCAAMaAAAAA04AACM^ ASS 

Wt IVIKVItVOaVLSQT I BKK KILWai Ct F i A A V fi 1 0 tfij • <1W» 

nCACUtUCTttaeTACAaAAAWCATAaAAAICAameCATAAATTCTTTAACTTACTAA^ 400 

rfrTliaK«!llSVXKrrNll.KIIBf$TKV»RAftttlLtK IIJO 

TOVirA irtKLtRTCELITLTflFfltllSTC.tMtAt. vTl K V O.WO 

H?6QA1CACATtTTf At TAOCTAAAMMMATATTACAAATCOAAMTMTGTflaTIUMTTCAttfCAQ^ 040 

pWtltilAKttVlaNCBSLVI lfQlKtCYlOTr I KL t P P N I <U4| 

^ ■ C 9tO 

;1 <■ K t F T K T A V t P I N 0 * P R T P A R a a N R S A A 1 A K • L I M 0 T A I t (274} 

^AAMICtCWAAAOAAtAIMAItlMTAtAAAtaAaflTCAAAAAW^ 10M 

;-»« VtCKtMICMIDfVKIVTrKKflFrMHIL«LVTiaOLFCV (ltd 

CAAAMCmCTAAMUtACXAMUAUTMCTTAAA^ 1209 

iyllll(llltitltlitiMii(iiio(1llllltlllill «S«> 

~ ASMCACCACCAAAMafAACCTT8AT8AAAA68T0AATCTAATTCCTCCACACACTCCA0^ 1320 

i < m i i u i t i u * n m t r v i? u i i i i i u ii i i i i tti ow> 

^*AAeetTM0^tet«Af»TWAtTTIAAeAAC»0eACA«OAAtCCAAAAeAAAOIAW^ M«t 

r|j ' 0 t • C I tTFNMCTVMFKCt t L K R V K 0 I Of I PKKKfA-KAV <4M| 

p|0ACAW11»1WCtWncgAtCACAftCttAtACAAAeTT00A8tTCM^ 1JM 

U* • B « * tl «*«KTKVOVRlTT*VNI«|ILKfItlRlSI«frt <W> 

QAWmOAAteACAAttWlteAIAWCTTW MOO 

.==& it " 0 " l,,,,,,, ' tAC *«» , vviiAir»«»to«ii ( 0i«to-tii <$i«> 

tCA1Wtie»OAAf«tO<WAA1ttAAAAAWWCATtTT1AC^ 1000 

rVfiOVlMlKArBFrxVltaFIKACSIItllltNIXIILIRet (»«) 

cmwicAfewiranoworaci^ticAccmA im 

tCmcCAWtAAICA^BCAC^tAtaiAtCTTtetCCTOTAAMtCtC^^ 

'«.««««1AAOKT1.8PVR8FKKKOST1*V«0TAItAITOAfl <4X> 

«WltCCAOACCCAWee«nOAAATeTAWCTCTTTCACTOTTTTATAAA^ 21M 

*'«' B *^i*t»»lttFTRKVTil.Afl.RtllltCi«tttfiF <*?*» 

eAA11AOAACAIAtCAICTCOAWinieeAOCACA«CTaCAOAAta«fAfOA^^ 

iiiniiwitF«iittQxtTitjiAoiiiitDoiii«e$«roicK¥ tmi 

AAWTATA0«etl#AATteAAAA»CAI1ttlM«e«tACAA80ATCTrK^ 

K»IDVKrKIIYTATICOtFRAVatTri:«VllKllIT0«IIV <7J4» 
»««»^»MOK"CAfCCA«AC^ 

^*'"'^ 8 **0'AFFtiaFIFIIIFRaFfKFFO <»«) 

,r «-««F««»ITta*VK«FTIttiiatfTFIKIITFR»RltV« <0M» 

ioaa»oti«K»«Kiii«MveiiioAvi.icA»AtaaieFF*PiK* ca?«i 

••"'■'■■■•OAoaaitRiF«aaKf««KtAtiiittAtRii««a «pi*i 

A^fWtWAaCAiaQAfAWfAA ^ 
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41. A method of therapeutically treating inactive, 
mutative or absent cancer suppressing genes comprising: 

treating said inactive, mutative or absent 
cancer suppressing genes with at least a portion of intact 
cancer suppressing genes. 

42. A method of claim 41, wherein said cancer 
suppressing genes are each a substance selected from the 
groups consisting of RB genes, breast cancer suppressing 
genes, Wilm's tumor suppressing genes, Beckwith-Wiedemann 
syndrome suppressing genes, bladder transitional cell 
carcinoma suppressing genes, neuroblastoma suppressing 
genes, small cell lung carcinoma suppressing genes, renal 
cell carcinoma suppressing genes, acoustic neuroma 
suppressing genes, colorectal carcinoma suppressing genes, 
and mixtures thereof. 

43. A method of claim 41, wherein said treating 
includes : 

treating said inactive, mutative or absent 
cancer suppressing gene with a substance selected from the 
group consisting of an RB gene, a portion of said gene, or 
a mixture thereof. 

44. A method of claim 43, wherein said portion is 
selected from the group consisting of RB cDNA, RB cDNA 
fragment, homologues thereof and mixtures thereof. 
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45. The method of claim 41, wherein the intact 
cancer suppressing gene, or portion thereof, is delivered 
to the site of a tumor by means of a retrovirus. 

46. A method of claim 41, wherein the intact cancer 
suppressing gene, or a portion thereof, is delivered to the 
site of a tumor by a liposome. 

47. A method of claim 41, wherein the location of 
said cancer suppressing gene is determined by utilizing a 
genetic marker. 
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